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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve an oxide film with respect to adhesion to a lead frame and to protect a package 
against cracking or delamination by a method, wherein the ratio of a peak height of CuO at a reflection plane (002) which is 
detected by X-ray diffraction to that of Cu20 at a reflection plane (111) is prescribed. 

SOLUTION: Cr (0.05 to 0.4%) and Zr (0.03 to 0.25%) which have the effect of separating out in mother phase for 
improving a copper alloy in strength are contained in a lead frame copper alloy. Furthermore, 0.06 to 2.0% Zn is contained in 
the copper alloy to have an oxide film improved in adhesion for preventing a soldered joint from separating off due to heat. 
0.1 to 1.8% Fe and 0.1 to 0.8% Ti are contained in the copper alloy to enhance it in strength. One or more elements selected 
from among Ni, Sn, In, Mn, P, and Mg are added to the copper alloy and their contents are determined in total amount to 
0.01 to 1.0%. As a result, the peak height ratio CuO (002)/Cu2O (1 1 1) becomes 0.5 or below, an oxide film is improved in 
adhesion with respect to plastics or the like, and a package can be protected against cracking or delamination. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The copper alloy for leadframes characterized by the ratio (CuO/Cu20) of the peak height of CuO in the reflector 
(002) detected in an X diffraction and the height of the peak of Cu20 in a reflector (1 1 1) being 0.5 or less in the copper alloy 
for leadframes which has the oxide film which contained 95% of the weight or more of Cu, and was generated by heating in 
the atmosphere on the front face. 

[Claim 2] The copper alloy for leadframes according to claim 1 to which the remainder is characterized by the bird clapper 
from copper and an unescapable impurity while containing Cr;0.05-0.4%, Zr:0.03-0.25%, and Zn:0.06-2.0% by the weight 
ratio. 

[Claim 3] The copper alloy for leadframes according to claim 1 to which Zn:0.06-2.0 are contained Cr:0.05-0.4% and 
Zr:0.03-0.25% by the weight ratio, one or more sorts of nickel, Sn, In, Mn, P, Mg, and Si are further contained 0.01 to 1.0% 
in a total amount, and the remainder is characterized by the bird clapper from copper and an unescapable impurity. 
[Claim 4] The copper alloy for leadframes according to claim 1 to which Cr:0.05-0.4%, Zr:0.03-0.25%, Zn:0.06-2.0%, 
Fe:0.1-1.8%, and Ti:0. 1-0.8% are contained by the weight ratio, one or more sorts of nickel, Sn, In, Mn, P, Mg, and Si are 
further contained 0.01 to 1.0% in a total amount, and the remainder is characterized by the bird clapper from copper and an 
unescapable impurity. 



[Translation done.] 



http://vvww4jpdl.jpo.go.jp/cgi-bin/tran_web_cg 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] By raising the adhesion of the oxide film to plastics etc., this invention 

relates to the copper alloy for leadframes which can raise the reliability of a semiconductor. 

[0002] 

[Description of the Prior Art] If a semiconductor package is seen with closure structure, it will roughly be divided into two. 
One of them is a ceramic package and another is a plastic package. Among these, a plastic package is a package closed by 
thermosetting resin, and since it is excellent in economical efficiency and mass-production nature, a present-day 
semiconductor package is in use [ a plastic package ]. 

[0003] Although DIP (dual inline package) which is a lead insertion mounting device was in use as structure of a plastic 
package before, the rate of a surface mount device increases from the demand of improvement in packaging density, and QFP 
(quad flat package) etc. is in use gradually in SOP (small outline package) and logic by memory. Furthermore, the package of 
thin shapes, such as TSOP (SHINSU mall outline package) with a thickness of 1mm, and TQFP (sink WADDO flat package) 
and USOP (ultra small outline package) with a thickness of 0.5mm, has also appeared with the demand of a miniaturization of 
the latest electronic parts. 

[0004] The biggest technical problem about the reliability of these packages is the package crack and the problem of 
exfoliation which are generated at the time of a surface mount. When the adhesion of a resin and a die pad is low after 
exfoliation of a package assembles a semiconductor package, it is produced with the thermal stress at the time of next reflow 
(remelting) processing. The generating mechanism of a package crack is as follows. If moisture evaporates in heating by the 
next surface mount and the interior of a package has exfoliation in order that a mould resin may absorb moisture from the 
atmosphere after assembling a semiconductor package, the seal of approval of the water vapor pressure will be carried out to 
the surface of separation, and it will act as internal pressure. Bulging is produced in a package with this pressure, or a crack is 
produced, without a resin ceasing in internal pressure. When a crack occurs in the package after a surface mount, in order for 
moisture and an impurity to invade and to make a chip corrode, the function as a semiconductor is injured. Moreover, it 
becomes poor [ appearance ] because a package blisters, and goods value is lost. Such a package crack and a problem of 
exfoliation are remarkable in connection with progress of thin-shape-izing of a package in recent years. 
[0005] Here, the adhesion of the oxide film of leadframe material has had big influence on the adhesion of a resin and a die 
pad. It sets like the erector of a semiconductor, and since the die pad of leadframe material passes through various heating 
processes, in the front face, the oxide film is generating it. Therefore, since the resin and the die pad will have touched 
through the oxide film, the adhesion to the leadframe base material of this oxide film determines the adhesion of a resin and a 
die pad. 

[0006] By the way, as a material for leadframes, the Fe-nickel system alloy and copper alloy which make a 42wt%nickel-Fe 
alloy representation are used. Since ceramics and a coefficient of thermal expansion approximate, the 42wt%-Fe alloy was 
conventionally used as a material for a ceramics package, and has been used as a high-reliability leadframe material also in a 
plastic package. However, a Fe-nickel system alloy has the fault that conductivity is low compared with a copper alloy, and is 
disadvantageous for correspondence to the formation of high temperature diffusion which is a demand in a package in recent 
years, or improvement in the speed of signal transduction. This point and the copper alloy with high conductivity are 
advantageous in heat leakage or high-speed signal transduction, and the design of a more highly efficient package of them is 
attained. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since a copper alloy is inferior compared with a Fe-nickel system alloy 
in the above-mentioned oxide-film adhesion, it tends to produce exfoliation between a resin, and a lead and a die pad, 
therefore a package crack and the problem of exfoliation tended to generate it. For this reason, it waited for the copper alloy 
which improved the oxide-film adhesion for manufacturing a reliable package. 

[0008] Moreover, the following performances are required of leadframe material in addition to the above. First, it is necessary 
to make leadframe material thin from the demand of thin-shape-izing of a package, consequently thin material of board 
thickness in recently, such as 0.15mm and 0.125mm, is in use. Such thin-shape-izing of a leadframe and narrow-ization of a 
lead reduce the whole frame and the rigidity of a lead, and cause deformation of the inner lead which comes out assembly in 
process, and deformation of the outer lead at the time of device mounting. In order to prevent such a trouble, higher intensity 
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is also required from the leadframe material to be used. Furthermore, it has the outstanding etching nature and outstanding 
press-working-of-sheet-metal nature required at the time of the pattern formation of a leadframe, and various properties -- the 
reliability of the soldered joint section in mounting is still higher -- are required, this invention was made in order to cope with 
the above-mentioned package crack and the problem of exfoliation, it improves the adhesion of an oxide film, and aims at 
moreover offering the copper alloy for leadframes which can raise intensity, and etching nature and conductivity. 
[0009] 

[Means for Solving the Problem] Although the oxide which heats and generates a copper alloy is mainly Cu20 and this is 
generally thermodynamically the most stable, CuO is also generated simultaneously. To the crystal structure of Cu20 being 
the SEKIDOU ore type of a tesseral system, the crystal structure of CuO is a rock salt type structure to which monoclinic 
system was distorted, and completely differs from Cu20. According to examination of this invention person, when CuO 
generated in the Cu20 coat, it turns out that internal stress occurs in a Cu20 coat, exfoliation is produced in an interface with 
a base material since the ductility of Cu20 is scarce, consequently the adhesion of an oxide film falls, this invention person 
acquired the knowledge that what is necessary was just to make small the rate which CuO generates from this for 
improvement in the adhesion of an oxide film. 

[0010] The copper alloy for leadframes of this invention is what analyzed the permissible dose of CuO in an oxide film 
quantitatively, and was made based on the above-mentioned knowledge. In the copper alloy for leadframes which has the 
oxide film which contained 95% of the weight or more of Cu, and was generated by heating in the atmosphere on the front 
face It is characterized by the ratio (CuO/Cu20) of the peak height of CuO in the reflector (002) detected in an X diffraction 
and the height of the peak of Cu20 in a reflector (111) being 0.5 or less. Here, the reflector was set to (002) and (111) with 
Miller indices, respectively because a reflective peak appeared most greatly in the field. Hereafter, the form of more suitable 
operation of this invention is explained. In addition, in the following explanation, "%" shall say "weight %." 
[0011] 

[Embodiments of the Invention] It is desirable to make it the component composition which the remainder becomes from 
copper and an unescapable impurity while the copper alloy for leadframes of this invention contains Cr:0.05-0.4%, 
Zr:0.03-0.25%, and Zn:0.06-2.0%. The reason of numerical limitation of the above-mentioned alloying element is explained 
below. 

[0012] Although CrCr has the operation which it deposits [ operation ] in a host phase and raises intensity by carrying out 
aging of the alloy after solution treatment, at less than 0.05%, the effect of a request according [ the content ] to this operation 
is not acquired, but on the other hand, if it is made to contain exceeding 0.4%, big and rough Cr will remain in a host phase, 
and will cause the fall of etching nature. Therefore, Cr content was determined as 0.05 - 0.4%. 

[0013] It is the element added since there is an operation which Cu and a compound are formed [ operation ] in ZrZr after 
solution treatment and by the aging treatment, and it deposits [ operation ] in a host phase, and raises intensity. At less than 
0.03%, the effect of a request according [ the content ] to the operation was not acquired, but on the other hand, since big and 
rough un-dissolving [ Zr ] came to contain and the fall of etching nature was caused after solution treatment when Zr was 
made to contain exceeding 0.25%, Zr content determined it as 0.03 - 0.25%. 

[0014] Although there is work which generating of CuO at the time of high temperature oxidation is suppressed [ work ], and 
raises oxide-film adhesion when Zn is added in the copper alloy of Zn **, and also it is the component added since there is an 
operation which prevents the soldered joint section exfoliating with working heat At less than 0.06%, the effect of a request 
according [ the content ] to these operations was not acquired, but on the other hand, when Zn was made to contain exceeding 
2.0%, the decline in conductivity determined Zn content as 0.06 - 2.0% from the bird clapper remarkably. 
[0015] Moreover, to the above-mentioned copper alloy for leadframes, it is still more desirable to make one or more sorts of 
nickel, Sn, In, Mn, P, Mg, and Si contain 0.01 to 1.0% in a total amount. The reason is as follows. That is, since each of 
nickel, Sn, In, Mn, P, Mg, and Si has the operation which raises intensity mainly by solid solution strengthening, although one 
sort or two sorts or more of addition is made as occasion demands, the effect of a request according that the content is less 
than 0.01% in a total amount to the aforementioned operation is not acquired, but when exceeding 1.0% in a total amount by 
one side, conductivity is degraded remarkably, and productivity and etching nature also fall. For this reason, the content of 
nickel, Sn, In, Mn, P, Mg, and Si by which independent addition or two or more sorts of compound addition are made 
determined it as 0.01 - 1.0% in the total amount. 

[0016] Moreover, if the above-mentioned copper alloy for leadframes is made to contain Fe:0.1-1.8% and Ti:0. 1-0.8%, it is 
still more suitable for it. The reason is as follows. That is, although Ti and Fe are added if needed since it has the operation 
which forms the intermetallic compound of Ti and Fe into a host phase, and raises alloy intensity further as the result when the 
aging treatment of the alloy is carried out, at less than 0.1%, the intensity of a request according [ these contents ] to the 
above-mentioned operation is not obtained, respectively. On the other hand, when Ti content exceeds 0.8% or Fe content 
exceeds 1.8%, the big and rough inclusion which makes Ti and Fe a principal component remains, and etching nature is 
checked remarkably. In addition, the "leadframe" said by this invention is what named generically the lead and die pad in a 
semiconductor device, and it is not limited to either. 
[0017] 

[Example] Hereafter, a concrete example explains this invention to a detail further. First, electrolytic copper or the oxygen 
free copper was used as the main raw material, and a copper chromium hardener, a copper zirconium hardener, zinc, titanium, 
nickel, tin, an indium, manganese, magnesium, mild steel, silicon, and the copper Lynn hardener were made into the auxiliary 
material, and the copper alloy of the various component composition shown in Table 1 with a RF fusion furnace was [ inside 
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of vacuum, or Ar atmosphere ] under dissolution, and it ingoted, and cast to the ingot with a thickness of 30mm. Next, it 
carried out to each of these ingots in order of hot working and solution treatment, the 1st cold rolling, an aging treatment, 
surface polish, the last cold rolling, and stress relief tempering, and considered as the board with a thickness of 0.15mm. 
[0018] The evaluation method is described below. In order to investigate composition and adhesion of an oxide film, after 
cutting down the 20x50mm test piece from each plate and performing dilute-sulfiiric-acid pickling processing 10% with 
acetone degreasing, it heated for 5 minutes at the predetermined temperature in the atmosphere, and the oxide film was 
generated on the front face of each test piece. It heated in composition investigation of an oxide film at 400 degrees C for 5 
minutes, and X diffraction equipment analyzed the sample which ground the oxide film which separated from material to it, 
and it was asked for the ratio (CuO/Cu20) of the peak height of CuO (002) and Cu20 (111). And 14 test pieces whose ratios 
(CuO/Cu20) of a peak height are 0.5 or less were made into examples 1-14, four test pieces with which a ratio exceeds 0.5 
were made into the examples 1-4 of comparison, and many following properties were evaluated. 

[0019] First, evaluation of the adhesion of an oxide film was performed by sticking a commercial tape (the Sumitomo 3M 
make, #85 1), and tearing off on the test piece front face which heated for 5 minutes at various temperature by the 
above-mentioned method, and the oxide film generated. In this case, it raised 10 degrees C of heating temperature at a time 
gradually, and asked for heating temperature when an oxide film separates for the first time and adheres to a tape, and O and 
the case of 340 degrees C or less were made into x for the case where this heating temperature is 350 degrees C or more. 
Next, evaluation of many properties of the following which is a property required as leadframe material was also performed. 
[0020] First, tensile strength was measured with the tension test and conductivity was evaluated by measuring conductivity. 
Etching nature was evaluated by measuring the size of the greatest inclusion obtained by scanning-electron-microscope 
observation of a wall surface, after **********i n g a sample by ferric chloride. In this case, O and the case of 5 micrometers 
or more were made into x for the case where the size of inclusion is less than 5 micrometers. 
[0021] A result is shown in Table 1. as shown in Table 1, the temperature to which an oxide film all exfoliates in the 
examples 1-14 of this invention is 370 degrees C or more, and is alike and high as compared with the examples 1-4 of 
comparison In addition to good oxide-film adhesion, tensile strength, conductivity, and etching nature are also good, and 
especially, since Ti and Fe are contained in the desirable range in the examples 9-13, intensity extracts a group, and it excels 
especially in the examples 1-14 which contain various alloying elements in the desirable range. However, in the example 14, 
since Cr, Zr, and Ti are not contained, intensity has not improved so much. Moreover, in the example 3 of comparison, since 
there are many contents of Zr, etching nature is inferior. 
[0022] 
[Table 1] 
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[0023] 

[Effect of the Invention] Since the adhesion of an oxide skin can be raised according to the copper alloy for leadframes of this 
invention as explained above, it becomes possible to raise the reliability over a package crack or the problem of exfoliation. 
Furthermore, intensity and etching nature can be raised by containing Cr of a suitable amount, Zr, etc. 
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^* 4:3esfett#lll4: U - P£#V^y K©IBK:»)ltS: 

>y >r - -5 S IfilJ: L 

[0 0 0 8] * fc, ±fa^{c U - u- Atttcti* 



(3) 

3 

l J, «JPttSBfi-C«0. 15 mm, 0. 12 

5 mmtV^ofe^V^if^^giEil^oTVNSo Zl©J:-5 

6 'J — U- AW^M-ft, U - K©UIE/Mfctt7 I/- A 

U - K©SE7& -r;W;*.^B#©7?#-y- 

K©see&§i*jei-r. ^©<fce>&h57";i/S:imt-rs 

fe*{C«^M-T€> U - K-7 1/-A**ic*f b, <fc yW^SS 

&ftK&&te9tofc*y*y4fGRXf-7i/xtax&*:m 10 

b, 3^^KJ3tt*¥Hi£^©^tt#iGf»^4:* 

- s; * 9 y # ^*iii©iBiiH sfefetc^stife* 

©T% KfoKR©**ffi«:GLLU U*»=b. S&g-^xy 
> ^ttdfitf «rflf » £ i 4i #T? * -5 U - K 7 1/ 

-i»ffi*r&A&ii#"*Si4:&B«4:LTV*S. 

[0 0 0 9] 

[»««:»»*-«£«>©#«] -«tc, M^&MRL 

c u 2 o©ij@^ig«^$ifi^©-fe^ Ktfttsrr?**© 

WfCJ:tl«, Cu 2 0,ftRtf»K:CuO;tf£fR"r&4:, c 
u 2 0,ffi]Rrt U Cu 2 0©Ifi^L 

^£&{c©#4:©#®T*i!l$t££b\ ^©*£*, 

mw&it. »ffiffitt©«jiirtt©ra±«>fc«)tcj4, cuo 

[0010] ##§(£© U - l/- -hSB 30 
»litca6-J*iWt&KK:*WSCuO©l ! lFMS:3£*W 

tCj§?*TbT&£;ft£=fc©T', 9 5fi*%fiUl©Cu 
U -;fro*iBK:*&t*»T©inafc^^LfeBMI^R& 

tftaatlSSWS (0 0 2) T?fflCuO©fcr-*i*3 
£l, £tJS (111) T'©C u 2 0©fcf-?©i«£©.fct; 
(CuO/Cu 2 0) #0. 5Je*TTf*«i4:S:4W*4: 

bT^-5. ZIZIT*, fi#ffi£-e-*i-efiS9-#B«T? (0 
0 2) 4: (ill) 4:bfc©&, -S-©®-t*ffilt©fcr-£ 

#*&*S<33MlS J^T, #*8l»©J:y# 40 

*&£Qfi©J§8BUco^TBWi'*-S. #T©8W!£ 
fci^T r %J « rga%j S:-a--5t>©4:-t*. 

[0011] 

it. Cr:0. 0 5 — 0. 4%, Zr:0. 03~0. 
2 5%, Zn:0. 0 6~2. 0 £ £%IC 

#s*b^. ±is«aD7aR©««i«3t©aias:J[s*TK:« 

[0012] Cr 50 
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4 

{c#rffibT3£S&fa±£^5^m#&&#, ■€■© 

***** o . 0 5 %5fci® T* it z <7><fem ic <fc « ffi 3©$r& 

##e>*i1*, -2f, 0. 4%&iSxT-g-^$-arS4l, £ 

C r ««*«*tcaS b, x >v > ^tt©flST & JB 
<o iot, CrtfiS:0. 05-0. 4%4:5g«> 

[0 0 13] Z_v_ 

z r »c(±, mmmm^ mmmizk y c u 4:ft-&4& 

S:^fiRbT#«ffJC«ffflb»arS:lHl±S*«f^ffl*«»S 

fc»{cawin**iS7c3RT?*«. ■€■©*#*# o. 03% 

0. 2 5%ZmZ.TZrZ<£m2-&Z>£. **fb» 
S^tCifS^^^H^Z r^ft*J:^C«!otivf' 
>ytt©fiT«:iB<i4:*»e>, ZrtlittO. 0 3- 

0. 2 5%4:S*feo 
[0 0 14] Z n 

i©«-&A(C£VvtZnS:Siiirt-.&4:, SJM$tffcl$©C 
u 0©38£&fl«WLTH^fiR«*ttfcfa±S-frSt&S 

^£*#0. 0 6%*»Ttti*li&©f£ffllCJ:&8T3M> 
3&*#»e>*l-f, — 2. 0%&«itZn^S 
-&&4:«»©iST*^b<ftSi4:*»&, ZnMI 
£0. 0 6 — 2. 0%4l^»^o 

[0015] ±iay-K7u-i*ffl<H-&^ct*, 

^5 e>(C, Ni, Sn, In, Mn, P, Mgfei^Si 
© im&,±%:%&AX°0. 0 1 — 1. 0%**S**i4: 

«<a*bv^ j e©sft«^T©4:i3yT'fe5o -r&*> 

Ni, Sn, In, Mn, P, MgMSili, ^^ 

i"*i*»i4:bTli»»l'fWcJ:y»ISS:I^_ha*SMS: 

3r-r5&&, ^n(cj:y ia*^ti2a^±©^D*' : ^: 

■€■ ©^W**^*T' 0 . 0 1 T* » * 4: 

i&ffi^fflfc^sma©**^^^^ -^T'^ax' 

1. 0%SrjB>t*«^»Ctt*«ttS:*b<*'fba-tt, ^ 

*>SV^^*2aW±© : S^iD3^)^$*l•5N i, S n, I 
n, Mn, P, MgStfS i ©^Sli*8ST?0. 0 1 

-l. 0%4:^i?)feo 

[0016] ±iay-K7u-i*ffl«H-&^ct4, 

3^{C, Fe:0. 1 — 1. 8%, Ti:0. 1—0. 

8%fe-&tfs-tts4:#ire*s. -e©^a«j^T©4i^ 

^4:^{ceffitf»{CT i 41 F e©AJR|8Hfr&tt«:JgJ«U 
©*S* 4: b T £&3Alt S: S 6 tc S -&* M & *f 

* * ic^n fc is b r ^in sn«#, 3 ^ ©-^w**< 
fnfno. i%*»T»ji±fafffflfcj:s»fa©Mff*< 
#e>n*^. Ti^wo. 8%&sx^y, 

F e**a*Kl. 8%fcjB*.5»£K:tt, Tii:FeS;£ 
«»4:"rS!B*ft^«E»«9S#b, x>y^>^-[4$:^b 
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[0 0 17] 

m©>f >dTy KlCttJiLfe. £ft >=fv 

h izft b rmmnjiRtfmmmm. i is s 

NHMfW J?cS 0. 15mmfflSi:lfe. 

[0018] JKTicsMi^asj*^*. awb^KoiBia 

*J:a«*3|lHtSiiiaE"r«fc«>, #S#*&2 0X5 0.m 

m&UMft & W U m U T-fe h >BJtBI ill 0 . 

^tf©*lSK:lMLKJI)t&£**Lfc. BKtt&Dt<Z)iliBj$ll 20 

mz it, 4 o o x: 5 &mm u e> *i#ft fciMt 

ABE £ »» 0 * > ft x«SHi#f iSS k <fe y ##f b , 

CuO (0 0 2) tCu 2 0 (1 1 1) ©tf-^W;*© 
it (CuO/Cu 2 0) fl/T, fc?-?flf£ 

©it (CuO/Cu 2 0) tfO. 5«TT'fel>14offl 
SOWi&2S*«l~l 4fcU Jfc#0-. 5«:±iaS4o 
©ttlfttf &Jfc«« l~4iU StT©flM*tt©ffMllrS:*T 

[0 0 19] *-r, iKfbAR(o«sM£®midu _taa* 
°mz j: y aware 5 g-raftnftt l -cgMH£§i©£/& l & * 30 



O, 3 4 0tTOl^5:Xi:Lfe o i^C, U — K "7 U 

[0 0 2 0] *f, 5l»«Stt9l!R«*»K:J:ytrajeU 
© j£ltWy*IWIMHSK: iotf e> ft* ft :* ©rtli*© 



*W^5» m5fci»©*&«:0, 5 # raWl®*^ 



[0 0 2 1] «lfCie*S^-t. ai^bflfiiiC 

ir&mMiw 370 °c j^±T-fe y , aatsm i ~ 4 ii j:fc«£-r 
**"i-s*si« i~i4 r*&, A#*iwfcAfflta»ttfc 

»»J, efr%SUt«9~l 3TIJ, Ti£Fe£$i?*L 
V^HT?-£#l/TV 3ftK#»«:!fe^T«ftTV* 
S. fe«U ££09 1 4 T?tt, Cr, Z r, T i 
UT^&^£*b, Ma&tfSiSiffcLhSft'tV^VV, * 
fc, ifcf?#|3-t'tt, Z r©*|l^V^ftClyf > 

[0 0 2 2] 
»1] 
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fli f IS ^ (1 i 96) 


CuO/ 
CuzCXbt: 




(XLACS) 






Cr 


Zr 


Zn 


Ti 


Fe 


Sn 


Ni 


Si 


Ms 


P 


In 
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m 
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1 


0.21 


0. 04 


0. 19 






















0. 18 


590 


84 


o 


o 


2 




0. 10 


0.55 






a 21 
















0.42 


620 


78 


o 


o 


3 


0.19 


0. 15 


0-27 








0. 15 












m 


0.21 


580 


75 


o 


o 


4 


0. 17 


0.08 


0.24 










0. 10 












0. 16 


600 


77 


o 


o 


5 


0.21 


0. 07 


0. 25 


m 










0. 27 










0.31 


580 


80 


o 


o 


6 


0. 32 


0. 13 


0. 27 














0. 02 






m 


0. 38 


.600 


76 


o 


o 


7 


0. 30 


0. 20 


0. 19 
















0. 02 




m 


0.21 


610 


80 


o 


o 


8 


0. 26 


0. 18 


0. 44 


















0. 14 


m 


0.36 


620 


79 


o 


o 


9 


0. 20 


a u 


0.83 


0. 35 


0.56 
















m 


0.19 


670 


73 


o 


o 


10 


0. 24 


0. 10 


0. 79 


0. 29 


0. 39 


o. 11 














m 


0.41 


720 


71 


o 


o 


11 


0. 23 


0. 20 


0. 27 


0.41 


0. 74 








0. 15 








& 


0. 38 


700 


71 


o 


o 


12 


0. 22 


0.17 


0. 35 


0. 47 


1.01 










0. 03 






m 


0. 22 


690 


73 


o 


o 


13 


0. 28 


0. 08 


I. 03 


0. 30 


0.91 














0. 12 


m 


0. 15 


710 


75 


o 


o 


14 






0. 19 




2. 26 










0. 02 






m 


a. 42 


560 


62 


o 


o 


it 
« 


1 


0. 27 


0. 08 


a oi 




















m 


a. 53 


580 


80 


X 


o 


2 


0. 17 


0.12 




0. 39 


0.54 










0. 03 








0. 67 


680 


73 




o 




3 


0.24 


0. 29 


0.25 


0.44 


0- 67 




0. 06 












m 


0. 66 


700 


72 


X 


X 




4 










2. 33 










a 02 






m 


0. 69 


550 


64 


X 


o 
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